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BRIEF 

HUMAN FACTORS RESEARCH IN IMAGE SYSTEMS-STATUS REPORT, 30 JUNE 1962 

Requirement: 

The Army has a requirement for the best utilization of the human component in image systems, 

with emphasis on the development of the Tactical Image Interpreter Facility (THF) end real-time and 
near real-time image systems. 

Procedure: 

A research program, initiated 1 July I960, was organized around two general questions: What 

skills, abilities, and techniques are necessary in the successful performance of the Army’s image 

systems? How can the Army best utilize its interpreter resources to improve the intelligence infor¬ 
mation output of image systems? Four research subtasks were delineated: 

1. The identification of basic human factors in the development of the THF 

2. Information extraction from images of near real-time systems 

3. Techniques for interpreting TV imagery 

4. Improved procedures In communication of intelligence information 

Accomplishments to Date: 

During F Y 1962, the task was involved in two major efforts: (1) the development of performance 

measixes needed for the real-time and near real-time studies; and (2) a study to determine the compara¬ 

tive effectiveness of prints, positive transparencies, and negative transparencies for purposes of 
information extraction in connection with the THF. 

Utilization of Findings: 

Potential end products include (I) determination of the utility of an electronic image reversal 

device, (2) determination of optimal size and composition of selected image interpreter units, 

(3) improved communications to and from interpreters, and (4) utility of real-time image systems. 



HUMAN FACTORS RESEARCH IN IMAGE SYSTEMS-STATUS REPORT, 30 JUNE 1962 

CONTENTS 

Page 

INTRODUCTION x 

PURPOSES OF THIS REPORT 1 

THE IMAGE SYSTEMS TASK 2 

The Identification of Basic Human Factors in the Development 
of the Tactical Image Interpreter Facility (TIIF) 2 

Information Extraction from Images of Near Real-Time Systems 5 

Techniques for Interpreting TV Imagery 7 

Improved Procedures in Communication of Intelligence 
Information y 

CURRENT RESEARCH STATUS 8 

REFERENCES 

APPENDIXES 11 
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mure warfare is expected to place particular emphasis upon very 
rapid tactical and strategic information feed-back to the tactical com¬ 
mander. Because image interpretation is one of the Army's most fruitful 

varied iIrVT1118“,06’ the ^ 1S introducing^^ various tools, devices, and image systems--new sensors, platforms.trans- 
mission systems, 'real-time' (TV-type) and near 'real-tiL' im^e systems- 
all designed to extend the commander's ability to obtain timely and ac¬ 
curate information. The new systems have the capability of generating 
large volumes of imagery, from which the human element must Extract 
accurate,timely, complete, and relevant information. 

The ultimate effectiveness with which information is returned to the 

ZT^tredePenaS Crlttoa^ ^011 the °f the persoS“i£ed to 
manipulate and manage each new tool, device, or system. The capabilities 
of human performance are challenged by requirements for high mobility and 
speed in image inteipretation. ^uDiuipy ana 

dPvPi^LSí0^emS that requfre Mention are vast, particularly when the 
development of new sensor platforms, exotic sensors, display devices, and 

íeaconceSednwith ^ lnt° conslderatlun- Those prohlems 

1. efficient reduction in volume of imagery that must be processed 

attriht*rf-^r^eSSÍnS the t0 derive necessary intelligence with the 
attributes of accuracy, timeliness, completeness, and relevance 

3. recording, retrieval, and dissemination of processed intelligence 

°5 the USAPR0 IMAGE SYSTEMS Task will be directed for the 
immediate future toward the integration of man into some of these highlv 
complex man-machine intelligence systems with particular emphasis onthe 
evelopment of the Tactical Image Interpreter Facility (THF) and real¬ 

time and near-real time image systems. 

PURPOSES OF THIS REPORT 

The major purposes of this report are: 

DMGE^'sysmis'Ksk116 the resear0h a»1 objectives of the USAPRO 

to lndicate the kind of payoff in intelligence output that can 
result from human factors research in image systems 

3. to describe the current status of the task effort 

"ÏIWI» k 



THE IMAGE SYSTEMS TASK 

effof of tbe SYSTEMS Task is closely tied to the develop- 
a number of systems designed to meet the Army's need in the 

approaches^" ^Thf*r (SeeTAPPendix A for typical system research 
SS ^ Tactical Image Interpreter Facility and the drone systems 
Tn el^trS?1C transmitta:L subsystems are among these systems. 
ín the íl^/he TîSkÜ alS0 concer^d with research on syftems cJJntly 
in the planning. In this category are studies dealing with TV as a pos- * 

SÍ^1Lreal"tíJlie sensor> and with computer devices for the storage retrieval and dissemindtion of information. borage, retrieval. 

In planning the research, the psychological requirements have been 
broken down into two broad problem areas. The first is concerned with 
the nature of the specific activity required of the Interpreter, for 
example, the extraction of information from images. The specific question 
to be answered is: What skills, abilities and techniques are neces^y 
to accomplish the required tasks? The second problem area relates to 
performance in the context of Army operations. How can the Army best 
take advantage of its Interpreter resources and talents to improve intel- 

fo^rL^T*^?11 °utput? In order t0 answer these two broad questions, four research subtasks were established: 

Subtask a. 

Subtask b. 

Subtask c. 

Subtask d. 

The Identification of basic Human Factors in the Develop¬ 
ment of the Tactical Image Interpreter Facility (THF). 

Procedures for the Extraction of Information from 
Image Displays of Near Real-Time Systems. 

Techniques for Interpreting TV Imagery. 

Improved Procedures in Communication of Intelligence 
Information. 

The Identification of Basic Human Factors in the Development of the Tactical Image 
Interpreter Facility (THF) s 

.T+e TIIf is intended to be a mobile physical working environment for 
the interpreter t«m. Currently, three TUF’s are beinTplanned““ 
development and use in mid-range, long-range, and very long-range time 

Sy?tSI"s Tectolques Branch of the Surveillance D^frtment, 
* ‘ Igiial Research and Development Laboratory. The Army will 

soon 1ft a contract for the construction of a prototype mid-range facil¬ 
ity which will be furnished with off-the-shelf equlp^nt-lT^er to 
th^u eqpr?per buman factors support for the development of the TIIF's, 

U’ Personnel Research Office will work very closely with the 
Advanced Techniques Branch, The Any Combat Surveillai ^en¡y,Íd Se 
intelligence community for the purpose of attacking meaningful problems 
tte studies^ necessary equant and personnel support to conduct 

.... 



In general, two sets of problems require special attention in the 
development of the TIIF's. The first concerns the utility of various 
items of equipment, and the other the layout of equipment and operations 
In the van itself. Both are critical because of the severe space limi¬ 
tations imposed by the size of the van. These studies are expected to 
provide information as to work methods, techniques, numbers of various 
items of equipment, and numbers and specialties of personnel to man the 
vans. 

Utility of Equipment. The need for determining the utility of various 
items of equipment is obvious. If am item of equipment does not contribute 
to the output, or is no better than another simpler and smaller one, then 
the Item is not wanted. Within this context, the IMAGE SYSTEMS Task is 
conducting a study to determine the relative effectiveness of the inter¬ 
pretation of positive transparencies, negative transparencies, and 
positive prints (both stereo and non-stereo). The findings of this study 
will provide some information concerning the need for an image reversal 
device that can Instantaneously transform negative transparencies into 
positives and vice versa. 

Similarly, studies are contemplated to determine the need for recti¬ 
fying panoramic and oblique imagery. As new equipment and new devices 
are considered for inclusion in the TIIF's, additional studies of this 
type will be undertaken. 

layout of Equipment. The problem area dealing with the layout of 
equipment and operations in the van must await the availability of the 
v»n for testing purposes. As applicable results of IMAGE INTERPRETATION 
Task studies become available, they will be used for initial planning 
purposes. However, an empirical check is needed on the adequacy of the 
planning. The type of study contemplated here would impose various 
workloads on the TIIF system to establish the best possible flow of 
operations. As workloads are increased and demands for information are 
systematically varied, various constriction points in the system will 
become apparent. Corrective steps, if needed, such as providing addi¬ 
tional copies of certain items of equipment, determining different ways 
of doing the work, or varying the personnel complement of the van, can 
then be taken. 

Procedures for the Extraction of Information from Image Displays of Near Real-Time Systems 

In a war of high mobility, timeliness of information takes on special 
significance because much of this information is highly perishable. The 
Army is currently trying to improve the reaction time of its forces, and 
to provide a faster flow of intelligence information to make these forces 
more effective. Among the systems designed to do this are the sev¬ 
eral drone systems. The primary purpose of these drone systems is to 
transmit to the ground, through electronic subsystems, an image record 
of the area surveyed, in case the drone does not return. A secondary 
purpose is to increase the speed with which Images are presented to the 
interpreter for information extraction. Therefore, the extraction of 
information under quick-time conditions—conditions that approximate 
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those under which the photography will be displayed--becomes a research 
°f pf1“e concern* These studies will provide information on the 

utility of intelligence information extracted. They will explore ways 
and means to improve the output, and they will attempt to get at the 
problem of how best to use the information provided. Findings of these 
studies will not be limited to drone systems per be. They will also 
provide information more generally on quick-tiine interpretation. 

., Drone systems are designed to fly over areas of interest and carrv 
i^eSeï ?+taïe îhe plcture8* ^ the ground sensor teminaTthe 

< it8*í? fr0nt 0f a Photographie display presenting image 
ati^n^r?^6" J i x 5". The most likely mod? of^per- 
^ ns mh:^%leW ^ h transmit8 thlrd frMie taken, inis stm provides for continuous area coverage, since the camera is 
set to produce the 66^ overlap to permit stereo viewing. Therefore 

fecides to use the "continuous scan" mode, the photo- 
non-stereo. However, even with scan slew, the operator 

faces an increasing time lag, since the electronic scanning of the image 
prior to transmission requires approximately eight seconds per frameand 

Ï6 8eî t0 prodUCe ^ t0 thre* Per second, ^n“i 
mheí ^ay îhfwLfh dr°ne1and the focal le°gth cf the le^f. 
beîo^P ÏSï'nlï interpreter will have only a few seconds to view a frame 
before the next one appears, unless he decides to hold the frame for a 

pe£iod* Such del*y* of course, increases the lag time for the 
ffames* Durin6 the a frame is displayed, the 

“I“15 determine whether or not there is something worth 
lu tefns °f the essential elements of information (EEl) estab- 

locatlon^dentlfy the °bJeCt* ^ ^ 

Sen80r terminal there is also a plotting board This 

Srd rbheQ^rximte 
grammed to fïv area over whlch the drone is pro- 
overlay a T* U ^ °f clear acetate- On this aertate 
fliffhty+^no in “ arm controlled by tracking radar draws a 

InfS£a£r=2 ítenCr=SÕrílI^?h IL“* ltS ^8810^ 

Âíe““; JSSS '8 “”for 

tóerert! featUreS' then deTlVe coordinates fo?’the »Ä 5 
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Essentially, then, in a quick-time setting, the interarp+^T. 

heirtoteat1nftOKraPíy for fraInea of interest, select those items that 
co^î^es' 7 r^ulre““ts “i identify the objects, and proviàe 

For purposes of research this subtask has been divided into fv,,,- 
research areas, each of which consists of numeroul project. 

rtioi-do^^er ^h^he^reao^s^T 

“T'Î 0f EEI'tyPe ltem3 116 <=“ respond 
or frOT TCry fW t0 ‘ 

o^ispOag^l^aS/ôr ^«^sT^te^d^^íe^aíf8 “ 

Sfce fi?S°oT?te rre^bly “ith a Zll 
for a SfereSTinte^eSÍ T’ ïlewln8 display would be needed 
same fita 'S ob^. 

a given f^e to Ânf wh^X^^s Sortíi t0 ^ 

toSv^X8 tte rb1“ s --—t^ xnXewX achieve both accuracy and completeness of the information extracted. 

_ Sti11 another study vould attempt to determine the relativ#» e-p-pan* 
of machine-paced vs self-paced presentation of imaSs on the ac^tilev ^ 
completeness characteristics of interpreter output, ^ 

A different study is designed to determine whether or not the 
primary record returned in the drone needs to be interpreted if the tmns 

âíd if ZC°ïi ^K1! °f POOrer has alrSXXXX 
S0, the to whic^ the person who has interpreted the trans^ 

totoSrrtidf JUäÄe Whethfir °r n0t the prlmry Bb°<M he 

set J^iuji!”“6881”-63 ^61, gondltl°°° °f System Overload. Another 
o™r?Ld br 1 oonoerned wlth system functioning under conditions of 
XX « % emergency setting there never appears to be enougW 
irtiîiiiti'on^ï4183 *" f^fiP^ahed to provide information on the 
utilization of personnel under conditions of system overloads Some nP 
the studies are specifically intended to ascert.i“fS^ecX 
settTnTXSXt “hat happens to inteipreter output in a quick-time 
setting when the interpreter is kept continuously busy for 6. 8 10 12 
15 hours or morei what rest periods, if any, a« neeLTwit 
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their duration, and at what intervals should they be given? Other studies 

in this area may also help find constriction points and thus nay have an 
impact on the design and manning of the facility. 

Psychological Factors in Coordinate Location of Enemy Forces. A 
borough study is contemplated to define research problems dealing with the 

location, in terms of coordinates, of objects of interest identified by the 

interpreters. The effort to provide coordinates often becomes somewhat time- 
consuming. It is the intent of this study to see if research can be usefully 

employed to cut this time. Initially, performance will be observed to iden¬ 
tify problems encountered by interpreters. If on the basis of these obser¬ 

vations techniques can be developed that show promise of cutting the time to 
provide coordinates, these techniques will be put to an empirical test. 

+v,< jDeye^pment of Probability Intelligence. A final research area within 
this subtask deals with the development of probability intelligence". In 
a combat setting, the commander must make decisions on the basis of frag¬ 
mentary intelligence information, only partly accurate and at times delayed. 

T°4.r?at extent can the product of the interpreter in the near real-time 
setting be used to extrapolate this probability intelligence? Fortunately, 
accuracy goes down as a function of time, that is, the first quick identi- 
fications made by the interpreter tend to be more accurate than later 

identifications (Zeidner, Sadacca, and Schwartz, I961). This fact holds 
cut the promise that probability intelligence based on quick-time inter¬ 
pretation may be quite good. 

. .T13® initial study is planned as a feasibility study. If the study 
should demonstrate the feasibility of developing useful probability intel- 

StSS can^evtaken t0 d0 so. The approach to these studies depends 
avily on the availability of two similar performance measures with known 

ground truth. The photography of one performance measure would be given 

to interpreters for information extraction under quick-time conditions. 
The information these interpreters extract will be related to the ground 
truth, that is,for those items that they identify, (and these items can 

be presumed to be relatively easy) proportionality constants will be 

provide6*1 ad^USt for the infonna'ti°n the interpreters have failed to 

Taking each type of object seprately in each of several pertinent 

settings, associations will be made between the type of object interpreters 
have succeeded in identifying and those they have failed to identify. For 
exanple, if interpreters with some consistency were to report a single 
tank on a photograph and fail to report three other tanks and an armored 

personnel carrier, the multipliers for the single tank would be 4 (tanks) 

1 (P;rfonnel carrier). The proportionality constant could vary for 
different terrain and climatic conditions. These proportionality con¬ 
tants will then be applied to the information provided by the interpreters 
upon interpretation of a second performance measure. Should there be an 

enhancement in performance due to the application of these proportionality 
constants, continued pursuit in this area might be quite rewarding. 

- 6 - 



It is recognized that probability intelligence will not include 

specific coordinates. Nonetheless, the knowledge of the existence of 

gírn frength Wlthln a lljDited area can ^ q^ite useful 
in and of itself. Moreover, when confronted with mobile enemy forces. 
the commander rarely knows that these forces are still deployed as 
reported by the time the report is given to him, and thus probability 
intelligence may be just as good, from the point of view of location 

as other perishable information extracted directly from the photographs. 

Techniques 4or Interpreting TV Imagery 

The use of TV as an intelligence sensor has been considered repeat¬ 
edly because it offers the possibility of 'real-time' observation. Actual 
progress has been slow in the development of the TV sensing capability 
for intelligence purposes for the following reasons: * 

1. the relatively small size of the "window" through which the 
ground is seen. 

2. the relatively poor resolution of the TV image 

XV X V* the Problem of Providing coordinate information for objects 
that have been identified. 

From a psychological point of view, there is some question as to 
just how much information TV can provide. It is not likely that a ver¬ 
tical mounting of the TV camera will provide much useful information 
unless the sensor platfonn flies high, and here the image resolution will 

probably be inadequate for interpretation. If it flies low, the ground 

appears to flit by—also inadequate for interpretation. Hypothetically 
the only objects observable under these conditions are very large and 

X?16 forward obllque mounting seems to offer the best 
possibilities for the use of TV as an intelligence sensor, but even with 

is mounting, the limitations of TV hold down any expectation that this 
sensor will provide useful images. 

__ an i“itial study has been projected to determine whether 
or not TV-type interpretation is at all feasible. The TV display will be 

rÍe íÍljn much better imaSe quality character¬ 
istics than TV. If interpreters are not able to extract information from 
a medium that simulates TV but has a much better image quality, then the 
TV capability for intelligence purposes need not be considered further. 

Improved Procedures in Communication of Intelligence Information 

The problem of communication in an intelligence system can be divided 

tw° areaS' 0ne to d0 wlth the meaning of language, the 
other with the flow of information to, from, and within the system. 
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A Standard Interpreter Language. Although the Army Intelligence 

School does teach its students a common language, current reporting proce¬ 
dures are loosely structured. Interpreters are allowed to report In 

their own words. Since many words have different meanings to different 
people, communication suffers in this kind of setting. The development 
of a standard reporting language and its use therefore become important. 

Moreover, it becomes mandatory in a setting where computers are used 
for the purpose of storage and retrieval of information. Thus the language 
must have the additional property of being easy to code and to translate 
into machine language. 

The intent of research in this area is to develop a standard inter¬ 
preter language together with a code that is generally acceptable to 

computers. A tight language is less susceptible to misinterpretation 
than the current one, and one amenable to computer use, for the time when 
computers become available to the interpreter team. 

Information Flow. Intelligence information can be thought of as 
belonging to two categories—hard-core, and perishable. Hard-core intel¬ 
ligence is that which does not lose timeliness readily. Terrain features, 
road networks, built-up areas belong in this category. Perishable intel¬ 
ligence, on the other hand, deals with information primarily involving 

enemy movement. Both categories of intelligence are important to the 
commander. As a rule, hard-core intelligence is stored. It should be 
relatively easy to retrieve and display to make it most useful. Perish¬ 
able intelligence also may be stored, but more often it is obtained for 
immediate use. 

The projected research in this area is Intended to analyze the flow 
of information required to make both types of information—hard-core and 
perishable—available to the commander. Initially, the research will be 
restricted to interpreter intelligence information. The flow of infor¬ 

mation will be traced from its sources, through processing of the data, 
until the final products reach their destinations. An exploration of 
information flow may help define experimental problems, the solution of 
which may improve the communication of vital information. 

CURRENT RESEARCH STATUS 

The Task has already collected data for a study on the relative 

effectiveness of positive transparencies, negative transparencies, and 
positive prints (stereo and non-stereo). These data are being analyzed 
and the study should be completed during the first quarter of FY 63. 

Currently, the Task is primarily in the tooling-up phase. Until now 
t^e nain effort has been directed toward the development of meaningful 
problems and research approaches, and the construction of performance 
measures. 

- 8 - 
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a+ dr!vl0P ng performance rasures, World War II photography was 
+ ? Aer°nailtical Chai*t and Information Center for appropriate- 

DhototindpîJ?la??ed nSîUdl!S* 0n a thoroueh review of pertinent 
photo indexes, 57 rolls of negative transparencies were ordered and 

onVe^h rn?i P^í^hp^01,168* Prelifflioary interpretation was made 
selected J.I °f 1^erpretation were then compared, and 21 rolls 
b^+hP ^1,66 distinct geographic locations are covered 
y the selected photographs. The necessary maps were secured sortie nlot 

S8 IL6 XtÎLïl senerai 
inte^tatiín for p0ne 6 areaS Were subJected to detailed 
aïso^enrodîcL «! f SCOring key development. These rolls were 
stUdipn ondmHpV +/ ^Ve traûsParencies, the selected mode for the 
FY Thpq^ k fníepretation scheduled for the second quarter 
Ses ¡re^tiïrtTS7 for theee six Perfo Jnce meas- 
develoSpnî1^ r'î îen‘u (Further discussion of performance measure development is presented in the Appendix.) 

n wl1?1??*1 ftePs have also been taken for the construction of snecial 
f ^ PeTit the amomrt of time an 

S is we' and COTtroni”« th® speed with wild, each 
d t°4tïe teterpreter. These light tables are required 

for the studies on interpreter performance under quick-time conditions. 
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APPENDIX A 

APPROACHES TO SYSTEMS RESEARCH 

COnCepts sPec^ic to the research undertaken by the 
IMAGE oYSTEMS Task, some concepts have evolved which also have some 

orientedaPPllCabÍllty ^ °ther psycholoeical research that is systems 

_ "rí- can bethought of in terns of structure and function. It 
consists of equipment, materials, environmental conditions, personnel, 

activities. It receives input, performs operations, and provides 

forPr!^ a?e wel1 "defined and measurable, provides the means 
for assessing the system. 

A system can also be thought of as consisting of subsystems, each 

Snnp? owJ input and operations, and its own output which in turn 

Íní° tí1! lal?er system* The subsystem-and it is by improving 
the subsystem that the effectiveness of the total system can be increased- 
can be assessed in terms of two criteria, its own output and that of the 
ota! system. The real determinant of a subsystem's effectiveness is, 

+T-n^0,1ÎSe,4-îtS contribution to total system. This is particularly 
f T6 and when interaction effects among 

subsystems must be considered. ^ 

In some situations, however, subsystem output can itself serve as a 

criterion of subsystem effectiveness, a consideration that is important 

nhta^r|reaS£n!i 1 V If a mea8l!re of total system output cannot be 
Ít Can be assumed that the subsystem contributes to total 

ystem effectiveness, a measure of subsystem output can be employed to 

G,ïan?es în the subsystem (in v°rk method, for exa^le) 
^ 0u:tput* If two subsystem procedures are found to yield 

idéntica! subsystem outputs, then the cheaper and simpler of the two will 

viously contribute as much to total output as the more complex. (2) A 

™!?!0n ï°ï 1136 of the subsystem measure is that it may be 
ghly relevant to the determination to be made and at the same time 

cheaper and easier to obtain. 

Tests of system effectiveness require measures of system output. 

^ ®®p?eaSi£eSamUSt reflect Aw needs which these systems are designed 
The Army requires accurate, complete, timely, and relevant 

ntelligence information. These output requirements are multi-dimen¬ 
sional; system output therefore cannot be best described in terms of a 
single over-all measure. Speedy information extraction may sacrifice 

accuracy and completeness. Accurate information extraction may sacrifice 

speed and completeness. Similarly, completeness of extraction or infor¬ 
mation may sacifice speed and accuracy. Systems performance must then 
be measured in terms of each output dimension, and perhaps also i¿ teS 
of a joint function if such a function can be developed. 
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M systems research, studies can be conducted on "real'' systems, 
simulated" systems, or "hybrid" (partly real and partly simulated) 

systems. Whenever simulated or partly simulated systems are used, these 
systems must approximate the real systems in all critical aspects. 
Whether or not any of these three types of system is employed depends 
upon whether or not 

the real system is available for study 

the research cost is favorable to one or the other 

the critical factors under consideration are subject to 
control in the various settings. 

In addition to the problem of real vs simulated systems, there is 
also the problem of real vs simulated input into the system. The factors 
of availability, cost, and control of critical factors also apply in 
deciding between real and simulated input. In this connection, there is 
the problem of determining the characteristics of the input. If these 

characteristics are not specifically known—and this is often the case— 
it is very Important to vary the range of the simulated input character¬ 
istics to be sure that the research has applicability to the projected 
system. 

From a systems development standpoint, the desired structure of a 
system is the simplest one that will meet the output needs. Therefore, 
in the development of a system it seems most logical to begin with the 

simplest structure and build from there. This means that only the barest 
essentials are provided. An input is fed through the system and the out¬ 
put is measured. If for any reason the system is non-functional, the 
point of difficulty can be identified readily, and the system can be 

modified. Once the system is known to work, the quantity, sequence, rate, 
and kind of input can be varied to determine points of constriction. 

Modifications can be developed to take care of bottlenecks. More person¬ 
nel, equipment, etc., can be made available to expedite the work flow. 

If alternate modifications are possible, they can be compared in a con¬ 

trolled test. Similarly, work aids and procedural changes can be Intro¬ 
duced and their effects on system output noted. 

The use of a functional system with the simplest possible structure 
has a great contribution to make to system research, providing a standard 
against which the output of other more complex systems can be assessed. 

However, the use of the simplest possible structure is often not feasible. 
More complex, more flexible systems may already be in existence and may 
have proven themselves. In this case the existing system can be used 
as the standard against which future systems will be evaluated. 

System complexity poses another problem that all too often is over¬ 
looked. System developers try to meet Army needs by developing more and 

more complex and sophisticated systems. In some instances, the human link 
is automated completely out of the picture. Or the requirements imposed 
upon the human link may become more demanding and more burdensome. In 

the latter case, a serious problem is created from the point of view of 



availability of personnel to meet the various system needs. As more 
systems require greater human skills, abilities, and talents to make 

4 the problem will become more acute since the 
individuals with the requisite attributes are limited in number. 

. Apart from the problem of manpower availability, complexity of 
systems and tasks raises the question "What is the gain and what is the 

Îîe COI155lex system? 0r stated differently, "what is the net 
gain? This question is raised not so much from the point of view of the 
development of the system or its dollar cost as from the standpoint of the 
system s use. For example, a simple picture-taking system may consist 
of a man (the photographer) and a simple box camera loaded with film. The 

system permits the man to take pictures only during daylight hours with 
the subject at least ten feet from the camera. In order to take the 

picture, the photographer must advance the film to a designated mark, cock 
the camera shutter, point the camera by means of the viewer and then snap 

the picture. In a more sophisticated system the camera may have a focusing 

sllut'ter adjustments permitting variable lens openings and 
shutter speeds. The latter system provides greater flexibility and the 
opportunity for better pictures. On the other hand, it requires greater 

skill on the part of the photographer. It also imposes a greater training 

I11 adfition' there is more opportunity for error and greater 
likelihood that equipment will malfunction and the camera become non¬ 
operable. Above and beyond the problem of "down" time, there now exists 

the increased demand for highly qualified technicians to repair the camera, 

coupled with the increased logistical problem of maintaining a supply of 

necessary spare parts. It may well be that in terms of overall needs the 
less sophisticated system is better. This argument, however, must not be 
construed to be an argument against complex, sophisticated systems, because 
many needs can be met only by such systems. Rather, the argument points to 

the requirement for assessing systems in terms of real and pervasive Army 
needs on the one hand, and complexity requirements on the other. In 

assessing systems, the point of diminishing returns must be kept in mind. 

Problem definition and problem selection pose yet another problem in 
systems research. Prerequisites are a thorough understanding of the needs 
and purposes of the system under study and a detailed knowledge of the 

ÏÏÏÏ6? in 0f i“put> operations, equipment, personnel, and environ- 
mental conditions. Even with this knowledge there remains the question 

How do we know that we have selected a problem the solution of which will 
result in an improvement in the system's output?" This question takes on 
special significance when research is done on subsystems. A tremendous 

ln!PfcTe?ent the output of one subsystem may have a negligible effect 
on total system output. A much smaller increment in the output of a dif- 

^ lnÇr0ve total system output appreciably. There is 
very little methodology available to help in problem selection. The 
researcher must work very closely with the experts in the field to iden¬ 

tify problems on which research can profitable be conducted. He must then 

make a number of additional determinations: Is the problem researchable? 
Is the necessary equipment in existence? If not, can it be built or 
simulated in time for the research results to be useful? Are input 

materials available? Is personnel available to serve as subjects for 
the experimentation? 0 
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Systems have been analyzed in terms of structure and function, where 
function is expressed in terms of Army needs. They have also been analyzed 

in teros of subsystem vs total system. This was done in order to establish 
criteria for the assessment of system effectiveness. For the systems under 
consideration in the IMAGE SYSTEMS Task, the output factors are accuracy, 

completeness, and timeliness of information extracted from the images. 

The concept of the simple system as standard against which to assess more 
complex, sophisticated systems has also been developed. Approaches adopted 
deal with input and system simulation. 
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APPENDIX B 

DEVELOPMENT OF PERFORMANCE MEASURES 

Among the major tools of the researcher in systems work are performance 
measures, or work samples through which measures of output or system effec¬ 

tiveness are obtained. 

In the Image Systems area the desired output is intelligence informa¬ 
tion. In order to derive this intelligence, the interpreter examine images, 
extracts the desired information, and reports it. A performance measure 
thus consists of an input of imagery which the interpreter analyzes in order 
to provide information, plus a standard procedure for evaluating output. 

For a performance measure, the output must have the property of being 
measurable. The opportunity must exist for determining whether each of 
the responses the interpreter makes is correct. Therefore, the intel¬ 

ligence content of the imagery input must be known to the researcher 

although not to the photointerpreter examinee. This concept constitutes 
the basis for the performance measure development for image systems 

research. 

There are, of course, other requirements. Since the intent is to 
generalize findings to the military setting, the imagery should represent 

in content and quality materials that include items of military significance. 
The imagery must be specific to the studies to be conducted. Appropriate 
imagery may sometimes be selected from available World War II or Korean 

photography runs, or it may be necessary to have missions run to obtain 
it. The imagery material should be displayed in the proper format and in 
the proper setting. Tasks normally established by mission requests should 
be duplicated. In fact, the performance measure as such cannot be separated 
from the system being studied. In order to make proper assessments, all 
critical factors of the system or subsystem, of the imagery, and of the 
requirements, must be duplicated. 

Separate measures of accuracy, completeness, and timeliness may be 
desired. Timeliness as such cannot be readily measured since timeliness 
imposes a requirement beyond the control of the interpreter. For example, 
if an interpreter identifies, locates, and reports a group of enemy tanks 
within one hour after he has received the image, the information will be 
timely only if the tanks have not moved in the interim. However, speed 
of information extraction, which can be easily measured in terms of seconds, 
minutes, and hours, bears a relationship to timeliness. The likelihood 
that the information is timely goes up as the time interval between the 

sensing and reporting of the information goes down. Thus, speed of infor¬ 
mation extraction may be a useful component of a measure of system effec¬ 

tiveness. 

Measuring the accuracy and completeness of information extraction 

poses a somewhat different problem. Here the focus is on the specific 
nature of the responses made by the interpreter. The interpreter con¬ 

fronted with an image can make correct identifications (rights) or 
misidentifications (wrongs). The interpreter can also fail to make 
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responses where he should (omits). An interpreter’s performance can thus 

of th^w«nriterinf 0f rights' and omits. These measures in and 
emselves do not constitute measures of accuracy and completeness. 

However, they provide a basis from which such measures can be derived. 

Accuracy of information extraction relates rights to wrongs. It can 

be expressed as the ratio R ^ {J where R represents the number right and 

totnLb^enfWrS1îg*+ C°^eteness of information extraction relates rights 
to numbers of objects to be identified in the imagery as established by 

"ground truth." It can be expressed as the ratio | where R again represents 

fication?r rlSht and K represents the nuinl:,er of objects desired for identi- 

is of. P61^0^1106 int° components of accuracy and completeness 
Undâ^ ïtfr?m th® Point of view of assessing system effectiveness. 

V ^ i ^nà^tion3f the system may provide information that is 
Withlí! r relatively incomplete. In another, the reverse may be true. 

of which hfP°r T fÎT07' an interPreter “ay report only those objects 
on an1?^ h al3solntely sure. For example, of 50 identifiable objects 
on an image he may report only two, getting both of them right. His ac¬ 

curacy would be - or 100$. His completeness would be ~ or 4$. With the 

focus on completeness, on the other hand, the interpreter might report 100 

objects, 25 of which are right. His accuracy then would be or 25$ and 

his completeness vould he |§ or 50Í. Which, then is better, performance 

ândhÂ™ÏTCy a?4 !¡¿ or perforan« with 25? accuracy 
and 50/1 completeness? The answer depends on the commander's needs If 
the commander has sufficient fire-power to cover a large arL with fiîe 
he might want to stress completeness. On the other hand, if his fire- 
power is limited, he might want to emphasize accuracy. From the forecoirur 

ni " Td^thaï there ^ be trade-ofi,s between accuracy and coSe^ 
îeïe of ínTOlVe Speei of interpretation.^! ledge of the functional relationships existing among accuraev nnrrmi o-i-orrr.cr, 

mtione!Lf clni!2II'!ta!r°n mV ïr°V:lde the ““»nier with trade-off Sot!’ 
“stS P ^ 10 the best of intelligSce 

- 18 - 


